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s nf capacitors, sspecially h;gh~voltage
r

(Elektrichestvo ahstract. The use
capacitors. has arown enormously in electric engineering and many other fields.
The wide v of technical requirements has made necessary the construction of
many differcud types of capacitors. The vresent status of SovieT capacitor con-
struction to weel high-current requirements iz triefly reviewed and the basic
problems involved in ~onstruction and in scientific ressarch are set forth.)

As a rule, paper impregnated with & liguid or semiliquid is used as & di-
electric for capacitors which are to ke us=d for high currents.

The most difficult conditious for capacitor jnsulation arise during the

~ontinuous action of an alternating voltage. Tn rectified voltage circuits,
pulse systems, etc ., working conditions are easier.

High-current capacitors may ve divided, according to the difficulty of
their operating conditions, into the foliowing groups: i

in normal ac circuits, for

1, Capacitors for power-factor improvement
and for periodically discharg-

overvoltage protection, for voltage regulation,
ing oscillatory circuits.
y filter protection of high-voltage trans=

2. Cepacitors for high-frequenc
mission lines and for communication along trensmission lines, and shunting

capacitors for high-voitage de transmission lines.

3. High-frequency (up to 10 kc) for smelting, heating, and hardering

equipment. s
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While & 90-kva unit 1s required in order to test a lO-kilovar
st voltage, the DpOwer of the testing unit will reach

or is 100 kilovars.

power per unit.
capacitor, under triple te
900 kva when the power of the capacit

take 10 kilovars for impregnation with oil or 15 kilovars
cvol as the basic unit of a group of capacitors for

t at normal frequsncy. This is more convenient than
a 21 kilovars and permits production in large series.

At present,
for impregnation with s
power factor improvemen
the prewar units of © an
As a general rule, it is advisable %c produce large units for voltages
of 3, 6, and 1C kv.
rs for kilovar supply of
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uced at present
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Table 1
— Yr of Voltage Capscitence Power Size of Wt Kg/ Cudm/ Sa am/ Cost per
t % Type Production {kv) (ufa) (kvar) Case (mm) (kg) kvar kvar kvar kvar (rubles)
t KM10-10-1 1948 10 0.38 10 380 x 110 23 2.30 1.6 3.43 6
E R 350
. KM6-10-1 1948 6 1.0 10 3% xu0 23 230 L6 346 16
-~ 350
KM3-10-1 1948 3 .2 10 380 x 110 23 2 130 146 3.46 76
350
KM0.5-8-3 1948 0.5 110.0 8 280 x 10 23 2.87 1.82 4.3 145
350 a
Q - o
% . KMO. 38-5-3 1948 0.38 110.0 5 380 x 110 23 k.60 2.92 7.0 225 E %
g 8 w 350 g =0
= 3 KMO.22-3-3 1948 0.22 2200 3 38010 23 T.7 y.86  11.b 380 b ol
] L"_f 350 =
e o
f‘_f] KRM6-1* 1937 6 0.62 6.8 315'.3';11_0 21 308 1.6 2.93 - ;,.::
o 315
e
= KOM21/6#* 1940 6 1.85 21 100 x 185 Th 3.5 2.06 3.2 -
585
% 7Produced 1n the prewar period by the KZETA (Kiev Plant of iIndustrial Electrical Equipment}. 5OX1 -HUM

%% Produced in the prewar period by the MIZ (Moscow Transformer Plsnt)
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From conditions governing unification of individual parts of the capacitor
(the casing, in particular), we can outline an approximate scale of typicel
powers for capacitors of the second size as shown in Table 2.

‘. Larger units of the order of 100 or wore kilovars must be manufactured in-
dividually under special specifications.

To regulate voltage in transmission lines with the aid of capacitor bat -
teries, the use of standard single-phase 3., 6-, and 10-kv capacitors connected
in series is proposed. These would have the proper insulation with respect to
ground. In this case, there would be no need for making ac capacitors for volt-
ages higher than 10 kv. Selection of a maximum power of 40 kilovars for a series-
produced capacitor (Tabdle 2) is based on the fact that, up to this power, it is
possible to manuiacture capacitors in smooth welded containers without expanders
and without hermetic sealing, i.e., with welded covers. This is an economical
design and operates very reliably in comparison with capacitors in which the
cover is attached to the case by means of gaskets and bolts.

Table 2. Typical Powers Contemplated in the Manufécture of Condensers for Kilovar
Supply in Industrial Networks (Second Standard Size)

voltage () o Pover lwarl ... No_of Phases
Tmpregnatcd With Tmpregnated
giggral 0il yi§§’§ovoli
220 5 . 10 3
360 10 15 3
500 ' 20 30 3
3,000 25 4o 1 and 3
6,000 25 L0 1 and 3
10,000 25 e} 1 and 3

The expenditure of paper per Kva for a working voltage of 220 v is approxi-
mately three times that for 3. 6, and 10 kv. The man-hours required per kva at
low voltage is alsc several times greater than at high voltages. Finally, the
production efficiency of the main equipmen® calculated in kva is aliso 3.3 times
higher for the production of highovoltage capacitor: than for 220.v capacitors.
These factors and the price of 7-8 micron capacitor paper make the cozt of loww
voltage capacitors cpnsiderably higher than that of high-volitegs capacitors.

As & result, it is considerably more efficient to produce high-voltage capacitors.

In developing plans for kilovar supply of many large systems, some planning
organizations are inclined to recommend the use of low-voltage sapacitors. For
example, the construction of 380-v compensating units with a power of 30,000+
40,000 kilovars ie planned in one of the gystems. In the final analysis, the
ratio of low=voltage capacitors to the total factory output must be determined
by the voltage requirements of the consumer. We strongly recommend making &
careful technical and economic survey of woliage requirements baged on the gen-
eral interests of the government in allocating kilovar supply sources. This
study should include not merely the comparative cost per kilovar of low- and
high-voltage capacitors, but, also the most adventageous use of meterials and
production capecity in menufacturing static capacitors. There seems to be in=
sufficient basis for the idea that lovaoltgge‘capacitors are more reliable in
operation than high-voltage capacitors: defects in capacitor paper have a
greater effect on the operation of low-voltage capacitors owing to the small
number of paper layers in them and to these layers' very large capacitance.
Where smooth regulation and distribution of active and reactive loads for net-
works of transmission lines is desired, it is preferable to instell large high-
voltage regulatec capacitor batteries switched on and off at the discretion of
the dispatchers of the power system. Hence, it is %o be expected that use of
low-voltage capacitors for power-factor improvement should temporarily be lim-
jted to cases where it is absolutely necessary.
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To increase the reliability of postwar capac Ltore for power~factor im-
provement, the design was revised and the working gradlent was decreased. The
seams of the casing are welded xnstead of soldered, thus increasing their me-
chanical strength. Changes have been made in the working parts of capacitors
to improve cooling.

The specific characteristics of the postwar series according to such in- o
dexes as weight and volume per kilovar are higher than those of prewar capa- ]
citors. Comparing the prewar KRMG.> of the KZETA Flant with +he KM6.-10-1, we
see that the power of the latter has teen increassd 66% while its volume has
in-reaszd oniy 30%, although the working gradient of the design was reduced
from 1 kv/mm in 1938 to 12 kv/mm in 1948 Such capacitor ~haracteristics as
the loss angle and insulation resistance are sufficiently high in the postwar
series ard meet contemporary requirerents

The manufacture 1n the GSF of equipment for inductidg'smelting, heating
I - at of highocurrent cepacitors for a wide

range of frequencies and t 5 Tn the prewar pericd, capacltors of one
srandard size were built for inducticn.ave fuTnacs: for frequencies of 500 to
2,000 cycles at voltages of 1,500 1o 3,000 v with a powex of 12-1k kilovars
per unit. At pregent, capacitore are veing prcduced for 500, 1,000, 2,000,
2,500 and 8,000 cysies with voltages ranging from 275 to 3,000 v and povers
from 10 to 150 kilosvare

and hardening rel

The construction of gesembiy 1l:nes in various branches of industsy and
the inclusion of gurface hardening instaliation: in these lines compelled the
makers of cupacitors Lo grestly veiuce the area and volume previousiy required
for capacitor batteries in such instailaticus. Thas wes effected by new de-
signs using water cooling to eliminate heal when the capacitor dielectric was
heavily loaded.

in the originsl in

Figure 1 /figures not reprcduz:d here are availabls

CIA7 snows a g oup of o fu « for a voitage ~f 1,500 v and a
frequency of 2,000 cycles with natural cO311Dg and apacitor for the same

ch iz o oqui

olent to the group.

voltage and frequenty with wate>

In & cepacitor with faveed cofting 3 contsiner with %two walls is used in-
stead of the ovdinary hegry and exps s coiled pips.  This design was suggested
by S. K. Medvadev It mekes it possibls To -onnect the cooling system of two
or three capaciters in ceries and does not IequiTs any epecial purification of
the water cr increase in pressure. T+ also graatly reduces tre weight of the
capacitor. These capacitsrs can be built in secticns and the 1ndividual sec~
tions can te connected in parallel or in series . Hence, they zan operate at
two voltage levels Depending on frequency and voltage, the power of capaci-
tors of *his size varies from 70 to 140 kilowarz. The use of sovol instead of
mineral oil as an impregnant can increaze the power for the same capacitor size
another 30wh0% in some frequency rapges. In addition to its other advantages,
the use of forced cooling greatly reduces the ~o:t per kilovar of the capacitor.

Table 3 gives basic technical data on soume capaeitors used for induction
heating equipment.

C e T e

CONFIDENTIAL

E Sa

nitized Copy Approved for Release 2011/09/21 : A-RD80-OO700105 - ;



. Santized Cop Approved for Release 201 1/09/21 CIA-RDP80-0009AOOO70010567-0

N 1}
[ 3
a
* Table 3
Notes
Typ Tachot Clﬁ;acte}‘lsgg‘ Noten
e oo 2t B < Coxt pr KU
Voltage capscatance Y(’;}i‘i{ 5,‘5%1\{‘1{)}\_,‘{ %%g) Carl 1.21“7'
Go0208 '(';T‘ R {kvar) cpa
Xv prad
] .
A L 00 14 2
0.5 Natural 1.0 3.4 L2 50¢ -
e 2.0 0,45 12 500 L 3
2-0.9 : © ’ . 8
. * 3.0 Q.42 i2 500 1% 2
0.5 7 )
i ‘ " 1.5 ©Geld2 12 2000 [
4 e . ( g
PM Lo9-2 ; - ) .) ES
m_:.-' ! " 2w Beries p
o q 100 100G 25 New :
i . 075 " o :
g o 2 <t c 5
3 15 . - N y :
g " Zel 0.93 T 2000 ) i
‘E% . 5 3 35 2000 25 15
2 PMV 1.5-2 " 1.5 ;
. 7 . ]
!r‘ " 0.66 AR X d 90 2500 5 |
o ) 5 25 New series
- 030 0375 58 125 2300 25
0.375 .2.5 n 0315 ;
B 0.750
R : - New series _
ot 50 16 125 2500 25 . 50X1-HUM
" 7 128 '
0.750 .2,5 0.750 |
PMV 2 : -
o - 25 Ne s 5€Y
0.375 22 150 8000

0.3
o 535
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Extensive introduction of high-frequency communication on high-voltage
ynsmission lines and employment of modern high-frequency protection against
short circuits called for special high-voltage capacitors. These capacitors
are designed for out inst ions and are connec ted directly into 110-,
15Lk., and 220-kv lines. They isolate the high voltage of the transmission
1lines at normal frequency from equipient intended for telegraph and telephone
communications and protective circuits ani, consequently, provide safety for
the personnel. These capacitors block power-frequency currents. Equipment
operating in & frequency range from 50 to 300 k¢ is used for communications
and protective circuits. A capacitor, tuned to resonance at & definite fre-
quency with an inductance conne-*ted in series, passes 2 current at this fre~
quency and, consequently, ensures the operation of the ~ommunications or pro-
tective equipment. Capacitors for such purposes, although constantly under &
power-frequency high voltage, are designed for eimaltaneous operation at high
frequency. For sfficient performance of lhe communications equipment, the
capacitance of these capacitors must remein practically constant during tem-
perature and. [requency variations Like other equipment 1n open substations,
they must have proper insulation since they are subject to atmospheric effects
and overvoltages.

50X1-HUM

These requirements complicate design of capacitors for this purpose, espe-
cially when we consider that their gelf-inductance must e made as small as
possible.

Figure 2 shows & 110-kv communications capacitor and mounting. It con-
sists of two elements.. For 154. or 220-kv insulation, three oOr four elements
would be used. These capacitors, which have excellent electrical characteris-
tics, can be reduc=d in weight and sizz by meking one element for 110 kv. It

is not practical to make them any larger. A capacitor consisting of two inter~
changeable 110-kv elements is more ~eliable than one 20C-kv element. Moreover,
it permits great flexibility in using the elements for poth 220~ and 110-kv lines
and reduces the number of spares needed. Hence there is no justification for
trying to make a 220 kv ac capacitor in one element for communications or high-

frequency protectiti.

High-voltage capacitors*ar9 required for high-voltage rectifying equipment,
cascaded dc generators, testing devices, electron microscopes, X-ray equipment,
radio communications, and many other needs. Such condensers 2re called filters
and are intended for continuous operation in yrectifier circuits. However, in
this case, an ac component will bte superimposed. Depending upon the freguency,
the effective value of the ac component for these condensers must not exceed &
definite pe{centage of the dc component. These percentages are shown. in Table b,
- -

Table U

Frequency of ac Component _(cps) Admissible ac Component (%)

"Up to 50 1
50 to 300
300 to 2,000 .5
2,000 to 10,000 a K

As shown atove, from the standpoint of the dielectric load, the operating
conditions of filters make it possible to employ working gradients much larger
than those selected for capacitors in ac circuits. In the design of these capaci=
tors, NO attention need be paid to losses, and there axe no heat-dissipation
problems. ‘Recent improved design hes permitted us to greatly reduce the volume
and weight per microfarad of filter condensers (Figure 3).

However, & unumber of power applications such as the resonance filters of

electric traction sub§tqpipns, switchgear for high-voltage dc transmission, and

many others require capacitorg operating on a high dc voltaege with simultaneous
w9 o
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superposition of an alternating -omponent. The alternating component may &c-
quire very large values, which creates & heat load in the capacitor. For ex-
ample, Tilter condensers for traction substations operating on L kv ac must
normally operate with a superimposed 50 %o 1,500 cps alternating component.

Table 5 shows the voltages and alternating components encountered in trac-
tion su =tations. It follows from the table that these filter capacitors must
be desigaed with consideration for ac operating conditions.

Table S
Frequency of ac vVoliage of ac Effective Value of
Component (cps) Component {v) cur (amp/mfd)
300 530 1
600 268 1.4k
900 280 1.75
1,200 265 2

To allow for the possibility of overvoltages in the supply lines of elec-
trified railroads, c2pacltors for this applicatiocn must be highly reliable.
The performance of the h~k“,'5’4fd cepacitor manufactured for traction substa-
tions is satisfactory. But the extensive alectrification of railroads and the
problem of reducing the space occupied by capacitors in substations and of sime
plifying their installation make it necessary to build cspacitors with consider-
ably greater capacitance. At present, a set of capacitors for one resonance
filter consists of 29 units. This number ¢suld te reduced by enlarging the in-
dividual unite and installing piditional taps in +he capacitor covers.

Even more rigorous demands . namely, operation on a high dc voltage of the
order of 100 kv with eimutaneous superposition of sn ac component of about
140 kv, are imposed on capacitors used in the switching systems of dc transmis-
sion lines. The capacitor of this type ‘Figure 4 has 8 test voltage of 250 kv.
Figure 5 chows a heavy-auty 2.3 de sapaciter for 80 kv de, which can be used
when alternating ¢ompenents of up +o several hundred cycles are superimposed.
The small size of this condenser iz noteworthy.

A series of high-voltage pulse capacitores has veen developed in which a
pakelite cylinder 15 nsed instead of & metal casing with percelain insulators.
Pulse capacitors can be used as filter capacitors in X.ray equipment, as volt.
age dividers, in electron microscope circuits, ete. Their low weight makes
possible suspension construction with several capacitors connected in series.
They are manufactured with a cepacitance of 0.0022 to O.O30/4fd for voltages
from 40 to 300 kv.

Figure 6 shows a 110-kv, 0.022 ufd capacitor and a 60-kv, 0.03 ufd capaci~
-tor, both of the new series in bakelite cylinders. The weight and size of the
new capacitors are only a fraction of that of earlier capacitors with metal con-
tainers and porcelain insulators. This cen be eas 1y seen from Figure 7. Of
course, the cost is also considerably lower.

Soviet high-current capacitor construction has made great progress and has
already reached a very high level, especially in the production of high-voltege 1
capacitors. For example, 300-kv, 0.0125 pfd capacitors have been built in a '
very compact form: total height 1 m, cylinder diemeter 0.250 m. Special con-
densers have been designed and built for spark-cutting equipment, stabilizers,

. electric mining locomotives, electric welding, high-power high-voltege oscilla~
B tory circuits, and for many other fields of modern engineering.
* . "." ‘.u 5
* v 10 =
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ggthods of Connecting Capacitor Sections

To reduce the cost of capacitors, it is advisable to have a standard sec-
tion designed for & definite voltage and capacitance. Then, depending on the
desired voltage and capacitance, & aifferent number of sections can be utilized.
However, it is impossible to do this for both high- and low«voltage capacitors
operating in ac circuits. There are fixed boundaries for cections intended for
low and high voltage. Tn low-voltage capacitors, the sections are generally
commected in parallel.

Assuming a working gradient of 12 kv/mm and paper 8 microns thick, two
layers are more than sufficient for 220.v capacitors and three layers for 380~v
capacitors. In practice, however, at least three layers are used because of the
probability of weak spote in the paper coinciding. Hence, three layers are em-
ployed for 220-v high-current condenzers and four layers for 380 and 500 v,

In the selection of & high-volitage section, attention must be paid to the
influence of the nonuniform field at the edges of the foil when the thickness
of the layer is jpereased. It iz obvious that, depending on the working volf-
age, & certain pumber of groups of sections will be connected in series with
sections connected in pasallel within the group. Previously, the cousensus of
opinion was that sections should not be comnected in series for capacitors op-
erating in high-voltage rectifier circuits. The argument for this opinion was
that the distribution of a dc voltage is inversely proportional to the conduct-~ .
ances. It was feared that there would be & preakdown in the capacltors because
of ‘the unequal conductances of the jndividual sections after impregnation. At
present, however, we have succeeded in usiDE zeries comnnection of sections not
only for capacitors operating in ac circuits but even for those used in high-
voltage rectifier circuits. This makes it possible to use machine-wound sec-
tions, to cut down the size, and thus to design :nd produce 300-kv condensers
in a single casing.

gonc}gsiggg

The restoration and development of the national economy of the USSR en-

visaged in the Five.year Pians calls for the following measures 1n Soviet capaci-
tor construction in order to gcatisfy the requirements of high-current engineer-

ing.

1. Broadening the nomenc lature cf capacitors in produc tion to correspond
to the requirements of industry and zcientific institutions by developing new

types.

2. Improvement of capacitor characteristics by vetter specifications for

ipdividual parts and improvements in design and production.

N 3. Improvement of perf ormance by reducing the weight and size of capaci-
tors and by studying statistics on thelr operation.

L. Maximum unification and standardization of capacitor units and parts
ard reduction of the numbexr of sizes produced.

5. Encouragement of more extensive laboratory research and use of experi-
mental departments of capacitor plants %o obtain quicker and better results in
mastering and introducing new methods.

6. Design and manufacture by the machine-building industry of single-
operation equipment for producing nighecurrent capacitors.

7. Collection of data on the behavior, service life, and causes of break-
down of “capacitors for power-fagtor improvement.
11 o
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industrial capacitor construction is a comparatively nev field. The ris-
ing demand for specialists {s an indication of the great importance of scien~
tific research in this development. Research should concentrate on the follow-

ing lines:

1. Study and improvement of the drying and impregnating process to estab-
1ish the optimum temperature and vacuun conditions and the sequence and duration
of their changes in order to cut down the totsl time required for the process.

> gtudy and int:odu:fion nf methods for checking the course of the drying !
and impregnating process iecording to changes in the ejectrical parameters of 3
the capacitor and deveopment of equipment for this purpose.

2 Study of the feasibility of using high-frequency currents to speed up
the drying pzo?5%

L wodernization of equipment 2T +ne drying and impregnating'process,

5. yerification of data obtained on the usgs N high»current capacitors of
nev {mps-egnants, particularly cklorinated substances of the psntachlorodiphenyl
type “ith various stubilizing admixtures and additives. to increase the dielectric
o or:tant.

6. Research con and evaluartion of the use of sem1c:niucting liquids to im~
pregnate low-voltage ac capacitors

7. Research on the utiiization of metallized vaper for high-current capaci-
toxs.

8, Exhaustive research on the physical and electrical parameters of cone
denser pPapers, transformer oil apd sovol with & wizw toward developing new
spe.iflcations for the conetyus tion of high-grade condensers With stable para-

meters and go0d technical and econdmic sparacterisiics

9. Establishment of criteris for computations and anslysis of capacitor

design and production. This if s3pecially important in calculating capacitor

parameters, such 28 capacitanie and 5 angle. 1o reiation toO production pro-
cedurs when the parameters of *he paper ind impregnant. i.e., capacitance and

loss angle before impregnation, &re Known.

10. Determiration of cauges for prapkdown during testing and operation and
development of & theory of capaciter preakdowns.

11. Study of the aging and 1ife of capacitors under various operating con-
ditions.

i2. Experimental determination ard selection of the most efficient working
gradients for various capacitor types and opsrating conditions.

13. Comparative study of various capacitor designs; determination of condi~
tions resulting in capaciters having the best possible characteristics with re-
gard to volume, cooling surface, and vyeight per kva.

1k, Improvements in various structural pazts «= section, casing, texrminals,
internal assembly, and insulation from the casing.

15, Study of mechanizing agsembly processes .

16. Development of improved equipment for the main processes used in capaci~
tor construction, i.e., gpecialized welding equipnent, vacuum cabinets, assembly
presses, winding machines, etc.
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